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I NTHOilUCTION 
Canine filariasis has become a topic of growing 
interest in th e United States in the last fifteen years wher e 
the disease has been increasing in incidence and , thus, in 
economic i mportanc e. The rise in incidence of heartworms has 
been attributed to the transport of dog s f or breeding , hunting, 
shows , movement of dogs of army personnel (Armistead , 1950) 
and the increasing alertness of practicing veterinarians to 
the disease . The increased economic , as well a s sentimental, 
va lue of pet dogs has led do g owners to seek veterinary 
services more regularly . 
Dogs are a lso valuable research animals . Due to its 
ease of maintenance in the l aboratory , canine filariasis has 
been used as the model for much of the research on filariasis 
i n man and other animals (Bradl ey , 1970) . Most medical 
research , especially car diovascular research , requires 
heartworm- free .dogs . 
A final aspect of the importance of canine filar iasis 
is the possibility of transmissi on to man . ~everal cases of 
ilirofilaria immitis (Le idy , 1856 ) occurring in man have been 
r ecorded (Harri son et a l. , 196 5). 
Despite the effort s of many researchers , the epidemiol-
ogy of canine fila riasis i s not completely understood . Rec ent 
studies have sugges ted an increase in inci dence of the disea se 
in the north-central states (Zydeck , Chodkowski and rlennett, 
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19701 Marquardt and Fabian, 1966J Schlotthauer and Griffiths, 
1964 ). Rumored rapid increases of filariasis in Iowa through 
practitioners' clinical findings led to the present study. 
This is an attempt to define the extent of the disease in 
Iowa and to contribute to the epidemiological information on 
canine filariasis in the Midwest. 
Description of Species 
Dirofilaria immitis was first described by Leidy in 
1850 from adults found in the heart of a dog donated to the 
Philadelphia Academy of Science. Six years later, Leidy 
linked the adults with the ''minute worms'' (=micro fi 1 ~ ri B.e) 
ci rr.,1lat.ing in the peripheral blood. 
A century later, Newton and Wright (1956) discovered 
that two species of rnicrofilariae circulate in the peripheral 
blood of dogs in the United States• Dirofilaria irnrnitis and 
Dipetalonerna reconditum (Grassi, 1890). These parasites 
differ significantly in their structure and pathogenicity. 
Dirofilaria irnmitis is extremely pathogenic, but Dipetalonema 
r econditum is considered benign. The adults of~. immitis 
can be found in the right side of the heart, with the micro-
filariae in the peripheral blood. The microfilariae of 
Q. reconditum are also found in the p eriph eral circulation, 
but the adults are located in subcutaneous tissue. 
The main morphological difference between the micro-
filariae of these two species is their size. Ylhen treated 
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in 2% formalin, and examined soon thereafter , microfilariae 
of Q. immitis range in length from J07- J22 Jl • with an average 
length of 313 Jl • and in width from 6 .7-7.1 ? • with an average 
width of 6.9 P• The anterior portion of Q. immitis contains 
nuclei and is more rounded and symmetrical than that of 
Q. reconditum. The general body form is straight (Newton and 
Wright , 1956, Soulsby, 1965). ·rhe microfilariae of Q. recon-
ditum range from 269- 283 µ, with an average length of 276 )l• 
and the width ranges from 4.J-4.8 f• with an average of 4.6p. 
The anterior portion of Q. reconditum lacks nuclei. When 
fixed, the body form appears slightly curved. The tail often 
possesses a characteristic button-hook curve. The concentra-
tion of D. reconditum microfilariae in the blood stream is 
generally lower than that of Q. immitis (Newton and Wright , 
1956, Soulsby, 1965) . 
Recently, a third type of microfilaria has been found 
in a dog in the United States . Pacheco and Tulloch (1970) 
described these microfilariae from a sentry dog at Lackland 
Air Force Base , Texas . They were found at an average density 
of one per milliliter of blood and averaged J68 p in length 
by 6 p in diameter. The nerve ring was located 72 )1 from the 
anterior end. Prominent , fine , transverse striations were 
observed on the cuticle. Two nuclei were found in the 
cephalic space, separated from the main column of nuclei. The 
authors stated that these microfilariae compare favorably 
with those of Dirofilaria striata (Molin , 1858 ), generally 
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considered a filarial parasite of felines . 
Other species of filarioids have been found in dogs 
in other areas of the world. According to Soul s by (1965) 
these include • 
Dirofilaria repens Railliet and Henry , 1911 - Italy 
Brugia patei Buckley, 1960 - Afri~a 
Brugia pahangi Buckley, 1960 - Malaya. 
Intermediate Hosts 
Once the confusion between Dirofilaria immitis and 
Dipetalonema reconditµm was resolved , it became apparent that 
Q. immitis was transmitted only by mosquitoes and not by lice 
or fleas. Sixty-two species of mosquitoes are considered 
potential vectors in various regions of the world (Ludlam, 
Jachowski and Otto , 1970) . These species breed in a variety 
of habitats . Included among the potential vectors are Aedes 
atropalpus (Coquillet, 1902) (Keegan et al., 1968 ), a mountain 
rockhole breeder; Aedes aegypti (Linnaeus, 1762) (Taylor, 1960), 
breeding in artificial containers, Aedes sollicitaos (Walker, 
1856 ) (Hu, 1931} , a salt-marsh species and Culex pipiens 
guinguefasciatµs Say , 1823, (Villavaso and Steelman, 1970), 
a foul-water breeder . 
Ludlam et al., (1970) stated that development of 
i nfective- stage juveniles may be demonstrated in the labor-
atory , but thi s does no t constitute proof that the species in 
question is a natural vector. Isolation of developing 
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juveniles from wild mosquito es is again doubtful proof, for 
not onl y are these juveniles difficult to identify, but one 
cannot determine that they would have undergone complete 
development. Proof of transmission cannot be considered 
compl ete until a mosquito has fed upon an infected dog, suc-
cessfully transmitted infective juveniles to another non-
i nfec t ed dog during a second blood meal and these juveniles 
mature to produce microfilariae . 
Ecological factors are important in determining po-
t ential vectors. The breeding environment , flight range and 
host prefer ence of the mosquito are extremely important . The 
longevity of the female mosquito must also be considered with 
r espect to successful transmission of infective juveniles. 
Finally one mu s t take into account whether the species is 
univoltine or multivoltine, for this affects the number of 
mosquitoes available throughout the year (Ludlam et al., 1970). 
It is only wh en all ecological factors are considered 
i n con junction with the labora to ry transmission that one can 
come to any conc lus ions about the vector of Dirofilaria 
i mmi t i s in any specific area. 
Development of Dirofilaria immi tis in the Mosquito 
·rhe leng t h of time r equired for Dirofilaria immiti s 
microfilaria e t o develop t o infective- stage juveniles is 
dependent upon envi r onmental c ondi t ions , i . e ., temperature 
a nd humidity , and upon the ho s t species of mosquito . The 
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developmental period may vary from 10 days at 82°F to 48 days 
at 64°F (Kume, 1970) . 
Development in Aedes aegypti at 26°c has been described 
by Taylor (1960) . Upon ingestion with a blood meal, the 
microfilariae pass to the vector's midgut, where they remain 
for 24 hours. Migration to the Malpighian tubules via the 
alimentary tract takes place during the next 24 hours. Here 
the microfilariae develop for t~e next 15 or 16 days. They 
remain within the cells of the tubules for the first six or 
seven days, and a molt to the sausage stage occurs on the 
fourth day. Accompanying the molt is an increase in the 
number of elementary excretory and intestinal cells. During 
the ninth and tenth days, the now elongated sausage form 
begins to feed on the cells of the tubules. On the fifteenth 
day, juveniles have passed into the body cavity, where they 
migrate through the thorax to the cephalic spaces and the 
cavity of the labium. They are now termed third or infec-
tive-stage juveniles. 
According to Soulsby (1965 ), the most critical phase 
of development for the juveniles is the migration within the 
mosquito. Should the mosquito die during this stage, due to 
misdirected migration of the juveniles, the life cycle is 
broken. 
Webber and Hawking (1955) s tated that the efficiency 
of the vector may be modified by the survival and development 
of many microfilariae , which may kill the mosquiT.o. The 
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optimal number of microfilariae for survival and development 
varies depending upon the mosquito species involved. There is 
evidence that maximum damage to the W~lpighian tubules is 
caused when all juveniles develop simultaneously . Asynchro -
nous development of juveniles may result in less da.niage to 
the tubules and so contribute to the survival of more infected 
mosquitoes . However , the asynchronous development may decrease 
the number of infective- stage juveniles inoculated during the 
feeding of any one mosquito . 
Life Cycle in the Definitive Host 
Infective juveniles are transmitted to the definitive 
host du ring a subsequent blood feeding via the mouthparts of 
the vector . After a short period of time these juveniles may 
be found in the submuscular membranes , subcutaneous and 
adipose tissue , subserosa and muscles (Kume and Hagaki , 1955) . 
In a further discussion of these studies , Kume (1970) 
stated that juveniles migrate to the heart be tween the third 
and fourth months of infection. Upon arrival in the right 
ventricle the worms measure J . 2-11.0 cm long . They mature 
in the pulmonary artery and then return to the heart. This 
~aturation requires two months . Upon maturity , the female 
releases microfilariae into the blood stream. Thus , six to 
seven months after infection, microfilaremia may be demon~ 
stra~ed . 
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Periodicity of Microfilariae 
Once the microfilariae of Dirofilaria immitis have been 
circulating in the peripheral blood for several months (Kume 
and Oishi (sic), 1970), they exhibit a nocturnal periodicity, 
reaching a peak around nine P.M . (Hawking et al., 1967). This • 
periodicity is less pronounced and less regular than that of 
other filarioids studied by Hawking and could not be explained 
by cyclical parturition by the adults or daily destruction of 
juveniles by host defenses (Hawking, Adams and Worms, 1964). 
Hawking et al., (1964) has attributed it to a "fixative" force, 
actively holding the microfilariae in the pulmonary capillaries. 
It was theorized that the high oxygen tension in the 
peripheral capillaries during periods of activity is deleteri-
ous to the microfilariae, so they retreat to the pulmonary cap-
illaries, an area of lower oxygen tension (Hawking, 1970). 
ThP.ir sojourn in the pulmonary capillaries is an active processJ 
the cycling through the peripheral blood, passive. In this 
manner the rhythm of periodicity goes with the established 
circadian rhythm of the host. At the low point in the daily 
periodic cycle th e percentage of microfilariae in the circu-
latine blood is 5-20% of the maximum (Webber and Hawking, 1955). 
Attempts to alter periodicity by raising and lowering 
the body temperature of the dog have not been very successful 
(Hawking, et al., 1967). The dog seems to resist these attempts 
by homeostatic mechanisms such as panting, which in itself 
was considered a sufficient stimulus for altered periodicity. 
Hawking et al., (1967) concluded that the 24-hour periodicity 
was not dependent on a temperature cycle. Tongson and Romero 
(1962) found a two-hour postprandial rise in numbers of cir-
culating microfilariae. Hawking et al., (1967) concurred that 
the periodicity of the microfilariae of Dirofilaria immitis 
is subject to alterations by obscure stimuli, both short term 
and seasonal. Hawking (1956) reported that exercise at night 
led to a rise in microfilarial counts. However, he explained 
the difficulties of getting a dog to exercise without the 
added variable of excitation. Kume and Oishi (sic) (1970) 
stated that it was impossible to alter the periodicity 
definitely by an experimental procedure. 
More recently, a definite seasonal periodicity has been 
determined, especially in temperate areas experiencing definite 
climatic differences between summer and winter. There is a 
noticeable drop in microfilarial counts during the winter 
months and a peak in the summer months of July and August 
(KumA, 1970: Katamine, Aoki and Iwamoto, 1970). This can be 
relatP.d to the availability of the microfilariae to the mos-
quito. In areas of the southeastern United States, where mos-
quitoes are present almost year-round, there is no pronounced 
seasonal periodicity. 
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Symptomatology 
The first few clinical manifestations of canine 
filariasis seem vague and perhaps unimportant, but if left 
untreated, the disease reaches a point where the treatment 
itself presents a substantial risk. The earliest clinical 
signs are generally a cough and loss of stamina. These may be 
attributed to mechanical interference with the heart by the 
worms. The number of filarioids involved determines the 
severity of the disease, Henderson (1967) listed the common 
clinical signs in order of increasing seriousness• 1) cough, 
loss of stamina, 2) loss of body weight, listlessness, J) occa-
sional vomiting, fainting, convulsions, 4) sudden collapse, 
dyspnea, pallor, anorexia, 5) vomiting, weak femoral pulse, 
6) enlarged liver, 7) hemoglobinuria and 8) pale mucous 
membranes. 
Basically these are the signs of cardiac insufficiency. 
Treatment becomes difficult as liver damage . occurs. Drugs 
used to kill the adult filarioid G are fairly toxic, and when 
there is hepatic insufficiency it is difficult for detoxication 
to occur. 
Jackson et al., (1966) proposed a correlation between 
the severity of the clinical signs and the average number of 
parasites in the heart and ad jacent vessels. Dogs with 25 
worms were evincing no clinical signs. Do.gs with "moderate" 
clinical signs were found to have an average of 47 heartworrns. 
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Dogs that were "typical clinical cases" were found to have an 
average of 58 heartworms on necropsy. The liver failure 
syndrome, with worms in +.he right atrium and vena cava, was 
associated with an average of 101 heartworms. 
If diagnosed and treated early, prognosis is good. 
With older animals and heavy parasite burdens the damage 
already done limits the chances for recovery. 
Diagnosis 
There are many methods of diagnosing canine filariasis, 
ranging from physical examination with confirmation by blood 
examination to electrocardiography and serological examination. 
Although a physical examination can lead to definite suspicions 
of heartworm disease, confirmatory tests are needed. There are 
several techniques for confirmatory blood examinations uti-
lizing venous. blood. A direct smear is the easiest and most 
rapid method, but perhaps not the most accurate. Griffiths 
and Schlotthauer (1964) stated that light infections may be 
missed in the immediate examination of fresh whole blood. 
Thrasher and Ash (1962) claimed that the direct smear was 
practical and that the percentage of error was low (1.8%). 
One of the better and more widely used methods of 
blood examination is the Knott technique. Ten milliliters of 
2% formalin are mixed with 1 ml of blood and centrifuged for 
five minutes at 1500 rpm. The supernatant is dP.canted and the 
sediment is mixed with an equal amount of 111000 methylene blue 
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in distilled water. A small amount is examined microscopically 
for microfilariae. 
Several other reagents may be used to hemolyze the 
blood cells. Acetic acid (5ml of 2% acetic acid and 1 ml of 
blood) and saponin citrate solution (5-6 ml of 2% sodium 
citrate, 2% saponin with 0.15% methyl-parahydroxybenzoate and 
1 ml of blood) were described by Griffiths and Schlotthauer 
(1964). It is also possible to allow the blood to clot and 
examine the serum for the presence of microfilariae. 
Rothstein and Erown (1960) recommended the use of the 
vital stain coriphosphine 0 in a 1110,000 dilution. This was 
differentially absorbed by Dirofilaria immitis and Dipetalonema 
reconditum. The Dipetalonema were fully stained after one 
hour, while D. immitis stained more slowly, taking six hours 
for 25% of the microfilariae to be fully stained. 
Ohishi, Kobayashi and Kume (1959) examined acetic acid, 
acetone, saponin, formalin, benzarconium hydrochloride and 
distilled water for their hemolytic action and established 
that acetone was best. 
A vital staining technique using acridine orange was 
developed by Rothstein (1958). Nine tenths milliliter of 
blood is mixed with 0.1 ml of an aqueous solution of acridine 
orange at a concentration of 115000. A small drop of this 
mixture is placed on a slide and examined under dark-field 
illumination. 
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Sawyer et al.,(1965) developed a method for the 
differentiation of microfilariae based onthe presence of the 
cephalic hook in Dipetalonema reconditum, utilizing thick 
blood films and cresyl blue. 
Mines (1967) developed a technique for counting micro-
filariae. Using a modification of an egg counting chamber with 
the counting area etched on the base of the chamber, he lysed 
0.5 ml of blood with 7 ml of 0.04% ammonium hydroxide, filled 
the chambers and counted the number of motile microfilariae. 
The mean number of microfilariae, multiplied by a factor of 100 , 
gave the number of microfilariae per milliliter of blood. 
The capillary tube technique consists of a 75 mm 
capillary tube filled to one-half capacity with EDTA-treated 
blood, sealed at one end with putty and centrifuged at JOOO rpm 
for two minutes. The serum immediately above the buffy coat 
in the tube is examined for microfilariae under low-power 
magnification (Schalm and Jain, 1966). 
The filter technique developed by Wylie (1970a) 
involves t~e use of an 8 µ Millipore1 filter, blood-cell lysing 
solution (5 ml Triton x-100, 8 gm Na2co3, 1000 ml distilled 
water) and methylene blue solution. Blood and lysing solution 
are mixed in a syringe and forced through the filter. Dye is 
then passed through the filter by syringe. The stained filter 
membrane is removed and examined microscopically. Wylie found 
1
lfullipore Corporation, Bedford, ~~ssachusetts 
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the filter technique to be more accurate and reliable than 
even the concentration technique that earlier studies had 
shown to be best. He also emphasized the rapidity of the 
technique, the filter technique requiring one minute compared 
to the six minutes per sample required by the concentration 
technique. 
More sophisticated diagnostic techniques involve the 
use of cardiopulmonary values. Yarns and Tashjian (1967) 
stated that the stroke volume is greater and the circulation 
time is increased in heartworm-infected dogs. 
The use of angiocardiography as a diagnostic technique 
is unavailable to most practitioners. However, these radio-
graphs can show the extent of damage and the location of worms 
in the heart and adjacent vessels very well. This could be 
used most effectively prior to heartworrn surgery (a method 
no longer popular). 
Jackson (1969) described a technique for radiographic 
examination of the heartworm-infected patient. This can be 
useful in estimating the degree of cardiac damage, a factor 
that applies to the selection of the method of treatment. 
Development of a seroloeical test for heartworm inf ec-
tion has been conducted mostly in Japan and more recently in 
the United States. The technique involves an immediate hyper-
sensitivity reaction. Effective intradermal tests have been 
developed for human filariasis usinr; antigens obtained from 
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Dirofilaria immitis. Severely limiting the practicality of 
such tests in dogs are the cross-reactions between Dipetalonema 
reconditum and Dirofilaria irnmitis. The Japanese have found 
these tests more useful because Q. reconditum is not present 
to provide false positives (Kume, 1970). 
Because there are cases of filariasis without a demon-
strable microfilarernia, there is the need for a diagnostic test 
other than blood examination. Early and accurate diagnosis is 
the key to successful treatment. An accurate serological test 
that will differentiate between the canine filarioids awaits 
development. Kagan (in Bradley, 1970) believes that most of 
the dogs along the southeastern seaboard are infected with 
Dipetalonema reconditum, which would severely limit the useful-
ness of the Japanese-developed Dirofilaria antigen. 
Incidence of Canine Filariasis 
Canine filariasis has a wide geographic distribution. 
It has been reported from North and South America, Africa, the 
Middle East and on most of the Pacific Islands from Australia 
to Japan. 
In the United States, dirofilariasis has been found 
with in:reasing prevalence . Although few studies have been 
conducted in The Plains states and on the west coast, its 
existence there has been established (Otto, 1969). Data are 
available on the incidence of the disease in most of the At-
lantic coast states (Florida, Georgia, Maryland, Pennsylvania, 
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New Jersey, Connecticut and Rhode Island), the north-central 
states (Michigan, Illinois, Ohio and Minnesota) the south-
eastern states (Alabama, Mississippi, Tennessee, Louisiana and 
Texas) (see Table 1). The validity of any survey prior to 
Newton arrl Wri~ht's discovery of the second filarioid in 1956 
is to be doubted. However, data based on actual heart exam-
ination and the presence of the adult worms, rather than blood 
surveys for microfilariae, are reliable. The prevalence of the 
disease varies greatly from state to state and from study to 
study within a state. This may be attributed to differences 
among the animals surveyed, their age, the socio-economic 
class of their owners, sex, habitat and somewhat to the topo-
graphy of the area and the density of the mosquito population. 
After the recognition of Dipetalonema reconditum in the 
United States, it was assumed that the microfilaremia of 
northern dogs could be attributed to this benign filarioid, 
while Dirofilaria immitis continued to be considered as a 
filarioid that was limited to the South (Newton and Wright, 
1957). Recent studies have shown this not to be the case 
(Lindsey, 1961; Healy and Kagan , 1961; Wallenstein and Tibola, 
1960 ; Hirth, Huizinga and Nielsen , 1966; ~arquardt and Eabian , 
1966 ). Dirofilaria immiti s has been found in both the North 
and the South. 
The socio-economic level of the dog ' s owner has been 
considered a s a factor in its exposure to filariasis by 
Table 1. Incidence of canine filariasis by area. 
Locality 
Atlantic 
Connecticut 
Florida 
Georgia 
Maryland 
New Jersey 
Pennsylvania 
Rhode Island 
Number 
Exar.iined 
Coast States 
299 
100 
110 
528 
550 
841 
69 
North-Central States 
Illinois JJl 
Michigan 192 
Number of 
cases 
Q. i mmi tis 
23 
17 
2 
35 
51 
20 
1 
64 
4 
Number of Number of Reference 
cases cases 
Q. reconditurn with both 
5 0 Hirth et al., 1966 
Jl 6 Lindsey, 1961 
50 2 Lindsey , 1961 
28 60 Wallenstein and 
·r ibola, 1960 
0 0 Lillis, 1964 
21 0 Rothstein 
1960 
et al., 
1 0 Rothstein et al., 
1960 
12 0 Iiiarquardt and 
Fabian, 1966 
8 0 Leash and 
Hanson , 1961 
~ 
--,) 
Table 1. Continued. 
Locality Number 
Examined 
North-Central States 
Minnesota 148 
Ohio 340 
Southeastern States 
Alabama· 100 
Louisiana 543 
r.iississippi 152 
Tennessee 204 
Texas 163 
Number of 
cases 
D. immi tis 
continued 
54 
7 
35 
240 
33 
5 
46 
Number of Number of Reference 
cases cases 
D. reconditum with both 
0 0 Schlotthauer, 
1962 
23 0 Groves, .and 
Koutz, 1964 
...... 
r;o 
16 7 Lindsey, 1061 "" 
11 0 Thrasher 
1963 
et al., 
0 0 Ward and 
Franklin, 19.5.3 
0 0 Eyles et al., 
1954 
0 0 Keegan 
1968 
et al. 1 
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Thrasher et al.,(1968) and Lindsey (1961). Pound dogs surveyed 
had a higher incidence of Dipetalonema reconditum than those 
taken to veterinary clinics (Lindsey, 1961). Found dogs , being 
strays, were more likely to have fleas, the intermediate host 
of Dipetalonerna (Lindsey, 1961). 
Many authors have noted a correlation between the sex 
of the dog and the incidence of microfilaremia. Gubler (1966) 
noted that D. reconditurn infections occur twice as often in 
males as in females in Hawaii, but found no apparent difference 
in Q. irnmitis infection rates. Pennington and Phelps (1 969 ) 
reported D. reconditym rates twice as hiBh in males on Okinawa. 
Keegan et al.,(1967) found the same factor influencing infec-
tion rates in J apan. Thrasher and Clanton (1 968) however, 
found no correlation between infection rates and sex of the host 
in either D. inyniti s or Q. r econditum in Georgia. Yet 
Thrasher, Ash and Little (1963 ), in their investigations in 
New Orleans, found that 10 out of 13 dog s infected with D. r e-
conditum were males . Wallenstein and Ti bo la (1960), in their 
survey of the Hyattsville, Maryland, area, found Dipetalonema 
to occur one and one-half times more often in males and 
Q. iznmitis to occur four times more often in males. Lindsey 
(1 961) repo r ted a hi~her incidence of Dipetalonema in mal es , 
bu t no differenc e in Q. immitis infections bet ween males and 
females . 
Length of hair was anot her factor t aken into consi d-
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eration in analyzing infection rates. It might be assumed 
that short-haired dogs would be more easily infected and that 
mosquitoes would have more difficulty penetrating the hair of 
long-haired dogs. However, little significant difference in 
incidence has been found between lengths of coat (Thrasher and 
Clanton, 1968 ; Thrasher et al., 1968: ~indsey, 1961). Although 
Keegan et al., (1967), in Japan, found the microfilarial rate 
to be twice as high in short-haired dogs, there is little 
corroborating ev.idence. 
Age of the dog is a very important factor. Generally, 
dogs under ten months do not demonstrate microfilaremia (·racal, 
1962). Hirth et al., (1966) found the average age of the infec-
ted dog in Connecticut to be 6 .9 years. Thrasher and Clanton 
(1968) stated the average age in Georgia was four. Marquardt 
and Fabian (1966) claimed the incidence of D. ·irnmitis to be less 
than 5% in dogs under four years of age and between 14.7-26 .0% 
in dogs between four and 17 years. They found the incidence 
of Dipetalonema to decline in dogs over six years. Lindsey 
(1961) found the incidence of Dirofilaria immitis to increase 
with age until seven to nine years, and then decrease in older 
animals. He found Q. reconditum to take the opposite trend. 
Keegan et al.,(19G7) found the incidence of D. immitis to 
increase with increasing a ge of the host. Kume (1970) dis-
cussed the effect of age and perhaps immunity, on the actual 
number of parasites found in the heart. 
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Various surveys have considered the "housing " or 
habitat of the dog ; ba s ically whether the dog was kept outside 
or indoors. Although Thrasher a nd Clanton (1968) found yard 
dogs to have a higher incidence than either house or house-
yard dogs in Georgia, Keegan et al., (1967) found no significant 
differences in incidence in Japan. 
Overall topography and condition of the surrounding 
environment were also taken inxo cons ideration. Generally 
Q. immitis infections were prevalent in coast al areas (Orihel, 
1964 , Arry et al., 1969 ; Hirth et al., 1966 ) or areas of 
impounded water (Rees etaal., 1966) . Thickly wooded areas with 
a high mosquito population are also areas of high incidence of 
infection (Durrer, 19571 Keeean e t al., 1967). 
The susceptibility of various breeds of dog to infec-
tion with both Dirofilaria immitis and Dipetalonerna reconditum 
has been studied in Connecticut (Hirth et al., 1966 ), Cham-
Paign County, Illinois (McKinney , 1962 ), Alabama, Florida and 
Georgia (Lindsey, 1961). Their results are compiled in ·Table 2. 
Although data are not available for all states, it 
seems reasonable to assume that canine filariasis is present 
to some degree throughout the nation. There are still large 
gaps in our knowledge of the epidemiology of the disease and 
contradictions that need to be resolved. 
Incidence of Dirofilariasis in Other Mammal s 
Both filarial worms have been found in a variety of 
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Table 2. Incidence of filariasis by breed. 
From Hirth et al., 1966; McKinney, 19621 Lindsey, 1961. 
Breed 
Sporting 
Dachshund 
Houndsa 
Pointer 
Retriever 
Setter 
Spaniel a 
Weimaraner 
WQrkiog 
Boxer 
Collie a 
Doberman 
Number 
Examined 
Dogs 
14 
60 
31 
86 
14 
78 
6 
Dogs 
J4 
33 
1 
German Shepherda 
JO 
Great Pyrenees 1 
Shetland Sheep 4 
St. Bernard 1 
Number of Number of Total with 
cases cases Filariasis 
Q. immitis Q. reconditum 
0 1 1 
11 8 17 
11 8 19 
4 0 4 
0 2 2 
10 13 22 
0 1 1 
7 4 11 
4 11 14 
1 0 1 
6 8 13 
0 1 1 
1 0 1 
0 0 0 
at.1ore than one type of filario id present in some dogs. 
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Table 2. Continued. 
Breed Number Number of Number of Total with 
Examined cases cases Filariasis 
D. immitis D. reconditum 
Non-sporting Pogs 
Boston Terrier 5 0 1 1 
Bull Dog J 0 1 1 
Chowa 6 1 3 3 
Dalmatian 3 0 1 1 
Poodle 1J 0 0 0 
T . a errier 48 2 9 10 
Toy Doge 
Chihuahua 7 1 2 3 
Pekingese 4 0 1 1 
Pomeranian 1 0 0 0 
Pug 1 0 0 0 
Mixed a 199 3.5 77 103 
Totals 663 92 1.52 268 
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other mammals. The majority of thcGe discoveries were acci~ 
dental and were usually made upon. necropsy. Several infec-
tions were in zoo animals, where the zoo was located in an 
endemic area (Coffin, · 1944). ~~ny of the members of the family 
Canidae are involved (Erickson, 1944). 
Questions have been raised about the possibilities of 
reservoir hosts or exchange reservoirs between the dog and its 
feral relatives (Gier and Ameel, 1959 ). Some strong arguments 
against this theory exist. Hirth and Nielsen (1966 ) found 
Dirofilaria immi tis in the right ventricle , pulmonary artery 
and lungs of two red foxes (Vulpes fulva). They felt that the 
presence of acute exudative endarteritis with neutrophils, 
eosinophils and plasma .cells might indicate a type of allergic 
response. Thus the fox may be an abnormal ho s t. Schlotthauer 
(1964 ) stated that only isolated cases of Q. imrnitis occur in 
foxes (Vulpes fulva) and concludes that wild animals are not 
significant reservoirs. 
Walton, Glover and Upham (1963) surveyed 50 adult foxes 
from the endemic area of Fort Stewart , Georeia, using a cardiac 
puncture techni(iUe • They failed to find circulating micro-
f ilariae in any of the foxes . He then ma.de a survey of 61 
dogs from the area and found Q. immitis microfilariae in 41 of 
them and D. r econditum in three . He theoriz ed that this lack 
of exposure to vector mosquito es (they mieht be a specie s 
that prefers human habitations) or to the physiological 
. .., , 
'- _) 
human habitations) or to the physioloe ical r esistance of the 
foxes . 
Thu s , although Q. immiti s has been known to occur in 
a variety of mammals from mink (Kume and Ohishi , 1963) thr ough 
primates (Webber , 1955) , none seems to have any importance 
as a reservoir host , nor do es it occur in any of these species 
with a ny degree of preval ence. 
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MA·rERIAL~ Al\D l·:ETnOD~ 
Canine blood samples were obtained fro m cooperating 
veterinarians . The cooperation of the practitioners was 
solicited by letter . Upon receipt of an affirmative response 
packets of ma teri<..i.ls were mailed. Materials supplied the 
veterinarians included 10 7 ml :.:::urA- treated Vacutainer
2 
tubes , 
10 needles and a needle holder . ~hese were mailed in packets 
containing directions for use , return address labels and 
wrapping , return postage and a data sheet . Along with the 
blood sample , the following information was requested • breed , 
sex , a r,e and lenr th of coat . The form provided for th ese data 
contained the name of the cooperatine veterinarian and the 
location of his practice . 
Upon receipt the blood samples were immediately; exam-
ined for t heir general condition a nd refrigerated . 'I'wo diag-
nostic pr ocedures were conducted to detect the presence of 
rnicrofilariae in each sample , the modified Knott concentration 
technique and the Wylie filt er method . In the event that there 
was not enough blood for both techniques , one or the other was 
used . Th e two t echniques were used in an attempt to determine 
t he r eliabi li ty and effici ency of the r ecently developed filter 
t echnique in comparison to the older , more established ~nett 
technique . 
2Bec ton- Dickinson, Rutherford , New Jersey 
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In the Knott technique, 2 ml of the EDTA-treated blood 
were withdrawn from the tubes by Pasteur pipette and added to 
a 15 ml centrifuge tube containing 10 ml of a 2% formalin 
solution. The tube was inverted for mixing and then centri-
fuged for 20 minutes at 1500 rpm. The time of centrifugation 
was merely a convenient interval that roughly coincided with the 
completion of the filter examination. After centrifugation, 
the supernatant was decanted and discarded. The sediment was 
then placed on a slide, mixed with an equal volume of 1•1000 
methylene blue and examined microscopically under low power 
(100X). If microfilariae were found they were examined under 
higher power (400X) for identification. Species identification 
was made on the bases of measurements, general body form and 
relative concentration in the sample. 
The Wylie filter method was performed during the cen-
trifugation of the Knott-treated samples. The remaining blood 
(usually J-4 ml) was mixed with a lysing solution (5 ml Triton 
x-100, 8 gm Na2co3 , 1000 ml distilled water) in a ratio of 
approximately 10 ml of lysate to 1 ml of blood. This mixture 
was agitated and then poured into a 10 ml syringe, to be forced 
through a 25 mm filter holder containing a filter pad (25 mm 
Millipore filter pad, AP2002500) J and a filter membrane ( 8 µ, 
25 mm Millipore filter ::>CWP02500) J (\'/ylie, 1970a). A smaller 
volume syringe was used in lieu of a larger one (J5 ml recom-
3Millipore Corporation, Bedford, Massachusetts 
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mended), necessitating several refills. This was due to dif-
ficulties encountered with the force required to use the larger 
syringe. After all the blood and lysate mixture had been 
filtered, methylene blue (111000) was forced ~hrough the filter. 
The amCIUnt of stain required to stain the rnicrofilariae but 
still allow light to penetrate the filter membrane was deter-
mined by experimentation. Approximately 0.5-1.0 ml of stain 
was used. The stained filter membrane was then removed, placed 
Oli a glass microscope slide and examined microscopically . De-
tection of microfilariae was made under low power (1 00X) and 
measurements were taken. Confirmation of the tentative diag-
nosis was made by the Knott technique. 
Analysis was ma.de on a percentage infection basis for 
the entire state and separately for the four quarters of the 
state (division based on U.S. Census Bureau maps). Comparisons 
were made relating length of coat, sex, age and breed to inci-
dence of infection. 
The files of the Veterinary Pathology Department of 
Iowa State University were examined for the years 1968 through 
1971. Both biopsy and post-mortem records were included. The 
same data as for the blood samples were recorded where evidence 
of dirofilariasis was listed in the reports. 
The files of the Stange Memorial Clinic at Iowa State 
University were also examined for the years 1968 through 1971. 
These files are computerized, and cases were retrieved where 
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the primary diagnosis was recorded as dirofilariasis . 
These data were treated separately due to their special 
bias , but were also analyzed with r espect to percentage ·infec -
tion, length of coat, sex , age and breed. 
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FESULTS 
Six and one-half percent of the 385 canine blood 
samples examined were found to contain microfilariae (Table J) . 
The microfilariae were identified as Dirofilaria immitis by 
their straight body form, a length greater than JOO .p, a rounded 
anterior portion containing nuclei and their concentration in 
the blood sample. A single specimen tentatively identified as 
Dipetalonema reconditum, was found in an aged dog in southeast 
Iowa and has not been included in the percentages. Occurrence 
of dirofilariasis in southeast Iowa was 9 .7%, 7.3% in the north-
east, 0% in the northwest and 4.7% in southwestern Iowa (Table 
3 ) • 
Seven and three~tenths percent of the females sampled 
demonstrated the presence of microfilariae, as did 5.7% of the 
mal es (Table 4). Analysis by coat class proved 8 . 2% of the 
short-haired animals to be infected, 4.1% of the medium-length 
and 7.7% of the long-haired (Table 5) . The percent of infected 
dogs peaked at five years, declining erratically thereafter 
( rable 6, Fi gures 1 and 2). The average age of the infected 
dogs was 5.4 years. 
Of the mongrels sampled, 4.8% were infected with 
Dtrofilaria immitis. Five percent of the working do gs had 
microfi l ariae , as did 9 . 5% of the sporting dogs and 2 . 0% of the 
non-sporting dogs . None of the toy breeds examined was infec-
ted (Table 7) . 
Jl 
Seventeen of the ) 49 samples examlned by both the mod -
ified Knott technique and the filter technique contained micro-
filariae. Five samples were declared to contain microfilariae 
based on the modified Knott test alone and three demonstrated 
microfilariae only via the filter technique (Table 8 ). 
The data collected from the necropsy and biopsy files 
of the Department of Veterinary Pathology, Iowa State University, 
indicated an infection rate of 2.6% in 1968, 1.5% in 1969 , J.2% 
in 1970 and 2.2% in 1971 for the state of Iowa ( Table 9). The 
average percent of infected animals over the four-year period, 
1968-1971, from southeastern Iowa was J. R~ , 14fe from north-
eastern Iowa, J.J% from northwest Iowa and 71.2% from southwest 
Iowa (Table 10). 
Fifty percent of the infected dogs were female. Forty-
three perc ent of tho se infected were male, and 4.5% were of an 
unstated sex (Table 11). Analysis of the infected animals by 
coat class over the four-year period yielded an average of 
)2.8% short-haired dogs , J4.1 % medium leng th, 19 . 5% long-haired 
and 1J.5% undetermined (Table 12). 
The averages for the four-year period by age groups of 
infected animals show a peak at four years, an erratic decline 
and another peak at ten (Table 1), Figure 1). An analysis by 
breed proved 9 . 6% of the infected animals to be mongrels, 19 .5% 
working dogs , 54.5% sporting dogs , 12.J% non- sporting dogs and 
4.2% unknown. (Table 14). 
J2 
The data collected from the case files of the Stant;e 
f,1er.iorial clinic· at Iowa State Univer s ity indicated the average 
percent of infected animals over the four-year period , 1968-1 971 , 
from southeast Iowa was 0%, from northeast Iowa 14%, from north -
west Iowa 7. 6% and 78 .4% from southwest Iowa ( Table 15) . 
The percentages of infect ed animals by sex over the 
four - year period were 59 .1 1~ female and 40.91~ male (Table 16) . 
Analysi s by coat class indicated an averaGe over the four - year 
period of 25 . 6,·~ of the infected animals beinr, short-haired, 
27. e;~ medium leng th' 16 . 91~ lone - haired and 29 . 8~~ unknown ( 'l'a ble 
1 7) . 
The a~e grouping analysls indicates an average peak 
at 4- 7 years over the four-year period (Table 18 , Figure 1) . 
r he figures for br eed infection demonstrate an average among 
th e infected anir.ials of 29 . 8~; monc;rels , 2J .O;~ working dogs, 
4J . 6~~ sporting dog s and J. 6~ non-sporting dogs (Table 19), 
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Table 3. Occurrence of cani..ne dirofilariaEi~b by area in Iowa, 
1971-1972. 
Area of Iowa Sample Number Number Percent 
Size Positive Negative Positive 
(with (without by Area 
microfilariae) microfilariae) 
Southeast 134 13 121 9 .7 
Northeast 96 7 89 7.3 
Northwest 48 0 48 o.o 
Southwest 107 5 102 4 .7 
Totals 385 25 360 6.5 
0 As indicated by presence of circulating microfilariae in 
1-7 ml blood samples. 
Table 4. Occurrence of canine dirofilariasi~~ by host sex in 
Iowa, 1971-1972. 
Host Sex Sample Number Number Percent 
Size Positive Negative Positive 
(with (without by Host 
microfilariae) microfilariae) Sex 
Ma.le 175 10 165 5.7 
Female 206 15 191 7.3 
Unknown 4 0 4 o.o 
·rotB.ls 385 25 360 6.5 
- -hA . d" s in l.cated by presence of circulating microfilariae in 
1-7 ml blood samples . 
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Ta ble 5. Occurrence of canine diro filariasisb by host coat 
c lass in Iowa, 1971-1972 . 
Coat Class 
Short 
f1!edium 
Long 
Unknown 
Totals 
Sample 
Size 
170 
148 
65 
2 
J85 
Number 
Positive 
(with 
microfilariae ) 
14 
6 
5 
0 
25 
Number Percent 
Negative Positive 
(without 
microfilariae) 
156 8.2 
142 4.1 
60 
2 o.o 
J60 
bAs indicated by presence of circulating microfilariae in 
1-7 ml blood samples . 
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Tabl e 6 . Occurrenc e o f canine diro f ilarias i sb by ho s t a ge 
gr ouping in I owa , 1971-1972 . 
Host Age 
in Yea r s 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Unknown 
Total s 
Sampl P 
Size 
80 
55 
50 
J 2 
J 6 
JO 
16 
1 2 
18 
18 
5 
5 
5 
J 
2 
0 
0 
1 
1 7 
J85 
Number 
Positive 
(with 
micro fila riac ) 
2 
2 
4 
J 
5 
J 
1 
1 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25 
Nu mber Per cent 
Negative Positive 
(wi thout 
microfilariae) 
78 
53 
46 
29 
31 
27 
15 
11 
16 
16 
5 
5 
5 
J 
2 
0 
0 
1 
17 
J 60 
2.5 
J .6 
8 . 0 
9 . 4 
13 . 9 
10 . 0 
6. J 
8 . J 
11 . 1 
11 . 1 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
6. 5 
bAs indica ted by pr esence of circulati ng mi cr ofila riae in 
1-7 ml blood sa mpl es . 
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~able 7. b Occurrence of canine dirof ilariasis by breeds i n 
Iowa , 1971-1972. 
Ho s t Breed Sample Number Number Percent 
Size Po sitive Negative Positive 
(with (without 
microfilariae) microfilariae) 
f1·iongrel 
Short Hair 30 1 29 
~~edium Hair 35 1 34 
Long Hair 18 2 16 
Totals BJ 4 79 4.8 
Working Dogs 
Airedale 5 0 5 
Boxer 7 1 6 
Collie 12 1 11 
Dalmatian 10 0 10 
Dober man 3 0 J 
Ger man Shepherd 35 2 33 
Great Dane 1 0 1 
Huskie 1 0 1 
Sheepdog 3 0 3 
St . .Bernard J 0 3 
r otals 80 4 76 5.0 
~122rting Dogs 
Beagle 19 1 18 
Dachshund 9 0 9 
Griffon 2 0 2 
Hound 24 2 22 
Pointer J l 7 24 
Retriever 41 3 J8 I 
!Setter 16 2 14 
j 
bAs indica~ed by presence of circulating mi crofilariae in f 
1-7 ml blood samples . 
1 
I 
I 
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·ra ble 7 . Continued . 
Host Breed Sample Number Number Percent 
Size Po s itive Negative Positive 
(wi th (without 
microfilariae) microfilariae) 
~12orting Dogs continued . 
Spaniel 18 1 1 7 
Weimaraner 5 0 5 
·rotals 1 65 16 149 9 . 5 
NQn- s12orting; and Terrier Dogs 
Bulldog J 0 J 
Poodle J.4 0 14 
Schnauzer 9 0 9 
Spitz 2 0 2 
Terrier 22 1 21 
Totals 50 1 49 2.0 
To~ .Jreeds 
Ch ihuahua 2 0 2 
Lhasa Apso 1 0 1 
Pug 1 0 1 
Unknown J 0 J 
Totals 7 0 7 o.o 
Gr and 'i'otals 385 25 J60 6. 5 
Table 8, Comparison of Wylie and modified Knott techniques 
for detection of circulating microfilariae. 
Number of Samples 
Examined by Both 
Techniques 
349 
Number Positive 
by Both 
Techniques 
17 
Number 
Positive 
Knott 
22 
Number 
Positi ve 
Wylie 
20 
Table 9, Cases of dirofilariasis recorded by the Department 
of Veterinary Pathology, Iowa State University, 
1968-1971. 
Year Canine Canine Total Cases Percent 
Necropsies -Biopsies 
1968 157 303 460 12 2 . 6 
1969 182 348 530 8 1.5 
1970 187 340 527 17 J .2 
1971 209 471 680 15 2 .2 
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Table 10 . Cases of dirofilariasis recorded by the uepartment 
of Veterinary Pathology , Iowa ~tate University , 
1968- 1971, by area. 
Ar ea of Iowa 1968 1969 1970 1971 Average 
JJ. % # % /f % ff lo % rr 
Southeast 1 8 . J 0 o.o 0 o.o 1 6 . 7 J . 8 
Northeast J 25 . 0 1 12 . 5 2 11 . 8 1 6 . 7 14 . 0 
Northwest 0 o. o 0 o.o 0 o.o 2 1J . J J . J 
Southwest 5 41 . 7 7 8 7 . 5 14 82 .J 11 7J . J 71.2 
Unknown J - 25 . 0 0 o. o 1 5 . 9 0 o.o 7 . 7 
Totals 12 2.6 8 1. 5 17 J . 2 15 2 . 2 
Table 11. Cases of dirofilarias is recorded by the Department 
of Veterinary Pathology , Iowa State University , 
1968- 1971 , by sex of host . 
Sex 1968 1969 1970 1971 Average 
# % # % /j .i // % fo If 
Male 6 50 . 0 2 25 . 0 8 47 . 5 9 60 . 0 4J . O 
Female 6 50 . 0 5 62 . 5 8 47 . 5 6 40 . 0 50 . 0 
Unknown 0 o.o 1 12 . 5 1 5 . 9 0 o.o 4 . 6 
Totals 12 2 . 6 8 1. 5 17 J . 2 15 2 . 2 
Table 12. Cases of dirofilarlasis recorded by the ~epar· tment 
of Veterinary Pathology, Iowa State University, 
1968-1971, by coat class. 
Coat Class 1968 1969 1970 1971 Average 
# % # % lt % # % % 
Short 6 50 .0 J 37°5 4 23.5 J 20.0 J2.8 
Medium 2 16.7 J J7.5 6 J5.J 7 46.7 J4.1 
Long 2 16 .7 1 12.5 6 J5. J 2 1J.J 19.5 
Unknown 2 16.7 1 12.5 1 5.9 J 20.0 13.5 
r otals 12 2.6 8 1.5 17 J.2 15 2.2 
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Table 13. Cases of dirofilariasis recorded by the Department 
of Veterinary Pathology, Iowa State University, 
1968-1971, by age of host. 
Age in Years 1968 1969 1970 ~.971 Average 
# % !f. % # % ii % ·)1 /0 
1 1 8.J 0 o.o 0 o.o 0 o.o 2.1 
2 0 o.o 0 o.o 1 5.9 1 6,7 3.2 
J 3 25.0 0 o.o 0 o.o 0 o.o 6.J 
4 2 16.7 2 25.0 1 5.9 J 20.0 16.9 
5 1 8.J 1 12.5 1 5.9 1 6.7 8.4 
6 0 o.o 0 o.o J 17.6 2 13.J 7.8 
7 -1 8 .3 0 o.o J 17. 6 2 1 J .J 9.8 
8 0 o.o 0 o.o 2 11. 8 2 1J. J 6.3 
9 0 o.o 0 o.o 0 o.o 0 o.o o.o 
10 1 8.J 3 37.5 1 5.9 1 6.7 14.6 
11 1 B.J 0 o. o· 1 5 .9 0 o.o J.6 
12 0 o.o 0 o.o 1 5.9 2 lJ.3 4. 8 
13 0 o.o 1 12.5 0 0.0 0 o.o 3.1 
14 0 o.o 0 o.o 2 11. 8 1 6.7 4.6 
15 0 o.o 1 12.5 0 o.o 0 o.o J.1 
Unknown 2 16.7 0 o.o 1 5.9 0 o.o 5. 6 
Totals 12 2.6 8 1. 5 17 J.2 15 2.2 
Table 14. Cases of dirofilariasis recorded by the Llepartment 
of Veterinary Pathology , Iowa ~tate University, 
1968-1 971, by host breed . 
Host Breed 1968 1969 1970 1971 Average 
JI i~ ;/ % ;/- % ,, % % 
Mongrel 0 1 1 J 
Totals 0 o.o 1 12 . 5 1 5 . 9 3 20.0 9.6 
Working Dogs 
Boxer 1 1 0 0 
Collie 0 0 2 2 
Great Dane 0 0 2 0 
Husky 1 0 0 0 
St. Bernard 0 0 1 0 
Totals 2 16 .7 1 12 . 5 6 35.3 2 13 . 3 19 . 5 
Sporting Dogs 
Beagle 2 0 0 1 
Dachshund 0 0 0 1 
Hound 3 0 2 0 
Pointer 0 2 0 1 
Retriever 0 0 3 5 
Setter 1 1 0 0 
Spaniel 2 1 1 1 
Weimaraner 0 0 1 0 
Totals 8 66 . 7 4 50 . 0 7 41. 2 9 60 .0 54.5 
Table 14. Continued . 
Host Bre ed 1968 1969 1970 1971 Average 
# % # % # % ii % ~ 
Non-s~orting DQgs 
Poodle 0 1 0 1 
Schipperke 0 0 1 0 
r errier 0 1 2 0 
Unknown 2 0 0 0 
Totals 2 16 . 7 2 25 . 0 J 17. 6 1 6 . 7 16 . 5 
Grand Total 12 2 . 6 8 1.5 17 J . 2 15 2 . 2 
Table 15 . Cases of dirofilaria sis recorded by the Stange 
Memorial Clinic , Iowa State University , 1968-1971, 
by area . 
Area of Iowa 1968 1969 ~,970 1971 Average ,, 
% # % % # % % rr ,; 
Southeast 0 o.o 0 o.o 0 o.o 0 o.o o.o 
Northeast 1 20 . 0 1 7 , 7 2 10 . 0 4 18 . 2 14. 0 
Northwest 0 o.o 2 15 . 4 J 15 . 0 0 o.o 7 . 6 
Southwest 4 80 . 0 10 76 . 9 15 75.0 18 81 . 8 78 . 4 
Totals 5 1J 20 22 
Table 16. Cases of dirofilariasis recorded by the ~tange 
Memorial Clinic, Iowa State University, 1968-1971, 
by sex. 
Sex 1968 1969 1970 1971 Average 
tf % # % # % ~ % % tr 
Male 2 40.0 8 61.5 8 4o.o 9 40.9 45.6 
Female J 60 .0 5 J8.5 12 60.0 13 59.1 54 .4 
Totals 5 13 20 22 
Table 17. Cases of dirofilariasis recorded by the Stange 
Memorial Clinic, Iowa State University , 1968-1971 , 
by coat class. 
Coat Class 1968 1969 1970 1971 Average 
'l % # % 
,, 
% .;J. % % tr ff ff 
Short 2 40.0 2 15.4 3 15.0 7 Jl . 8 25 . 6 
Medium 0 o.o 5 38.5 10 50.0 5 22 . 7 27 .8 
Long 0 o.o 2 15. 4 5 25 .0 6 27.3 16.9 
Unknown J 60 .0 4 J0. 8 2 10.0 4 18.2 29 .8 
Totals 5 13 20 22 
Table 18 . Cases of dirofilariasis recorded by the ~tange 
Memorial Clinic , Iowa State University , 1968-1971 , 
by age of host . 
Age in Years 1968 1969 1970 1971 Average 
./!- % # % ,{ ~; ii % % 
1-2 2 40 . 0 1 7.7 1 5 . 0 4 18 . 2 17 . 7 
2-4 0 o.o 2 15.4 2 10 . 0 J 1J . 6 9 . 8 
4-7 2 40 .0 6 46 . 2 6 JO . O 10 45 . 5 40.4 
7-1 0 1 20 .0 0 o.o 6 30 . 0 4 18 . 2 17 . 1 
10-15 - 0 o.o 3 23 .1 5 25.0 1 4 . 5 13 . 2 
15+ 0 o.o 1 7 . 7 0 o.o 0 o.o 1.9 
Totals 5 13 20 22 
Table 19. Case s of dirofilariasis recorded by the Stang e 
Memorial Clinic , Iowa State University , 1968 -1 971 , 
by breed . 
Hos t Bree d 1968 1969 1970 1971 Average 
# % !I % // % // % % 
Mongrel J 4 2 4 
Totals 3 60 . 0 4 30 . 8 2 10 . 0 4 18 . 2 29 . 8 
Vlo ;t:king Dog§ 
Collie 0 1 1 0 
Dalmatian 0 1 0 0 
German ShepherdO J 6 2 
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Table 19 . Continued . 
Host Breed 1963 1969 1970 1971 Average 
# % :J % fl % I~ % % tr I( 
',forking Dogs continued . 
Great Dane 0 0 0 1 
St . Bernard 0 0 1 0 
Totals 0 o.o 5 38 . 5 8 40 . 0 3 13 . 6 23 . 0 
Sporting Dogs 
Beagle 0 1 0 0 
Cort;i 0 1 0 0 
Dachshund 1 0 0 0 
Hound 0 0 2 1 
Pointer 1 0 0 5 
Retriever 0 2 4 2 
Setter 0 0 1 4 
Spaniel 0 0 1 2 
Totals 2 40.0 4 30. 8 8 40.0 14 63 . 7 4J . 6 
Non- sporting Dogs 
Poodle 0 0 0 1 
Schipperke 0 0 1 0 
Terrier 0 0 1 0 
Totals 0 o.o 0 o.o 2 10 . 0 1 4 . 5 3.6 
Grand Total 5 13 20 22 
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Figure 1 . Percent of infected animals by age, 1968- 1972. 
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Figure 2 . Percent infection of gen eral dog population, 
by ag e , 1971-1972 . 
Figure J. Sites of dirofilariasis, 1968-1972, Department of Veterinary Pathology, 
Stange ri~emorial Clinic and survey data. 
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DI:SCU:.:i.:>ION 
Although six and one-half percent is not an alarning 
rate of occurrence as is t he 44 . o;-~ in New Orl eans (Thrasher 
ct a l ., 1963) it docs indicate th e beGinnint:;s of an endemic 
condition . At this l evel of infection one would not recom-
mend wi despread prophylactic measur es as are suggested in 
Georgia (65 . 5% i nf ec tion rate ; ~·.'alton et al ., 1963 ) , but a c l ose 
watch on infection rates in highly populated riverine a r eas 
is indicated . 
The seeminG increase in occurrence of canine dirof ilar-
iasi ~ in 1971- 1972 that is observed when comparing those fig-
ur es with data fro m the · Department of Veterina~y Pathology , is 
probably false . ·rhe :special bias of th e Pathology data , 
sel ecting animals that were di seased , seriously limits the 
reliability of those fi gur es . 
The different percentages of occurrence in t he four 
areas of the state proved to be stati stically significant at th e 
0 . 1 confidenc e l evel . These differences could be due t o the 
availability of superior or inferior vectors in the area , dif-
fer ences in climate or topor raphy , the varying prac t ices of dog 
owners , or the density and di stribution of the canine popul ation . 
~he nost pro babl e cause f or t he different rates of occurrence 
is th e density and distribution of the canine popul a t ion . 
The primary r equirement s f or transmission of mosquito - borne 
diseases are suitable numbers of infected individuals , suit-
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a ble numbers of suscepti bl e individual s and appropriate densitieE 
of mo.squi to populations . Cor.1hinine; these factor s with the fligh"t 
ranFe of the various vectors . one n2y create an i deal situation 
f or the transmission of filariasis . A g r oup of dog s kenneled 
near a mosqui to breedi nrr si te woul d be excellent . Even t he 
urban and suburban areas with the proxi mi ty of dwellings and a 
variety of breedi ne sites have e ood transmission potenti al . The 
further dispersed the canine popula tion becomes , the lower the 
transmi s sion potential . Thus the areas of Iowa with high pop -
ulat ion density, and especially tho se located on or near rivers. 
have a ~reater occurrence of dirofilariasis t han those of l ower 
population density . If one compar es the popul ation centers o f 
Iowa with the cases of filariasis the connection i s c l ear . 
Another factor involvinE the urba n and suburban areas i s 
the socio - economic c l ass of the doc owner . Subur banites are 
more li kel y to have expensive pedi~reed aninals and thu s protect 
thei r investment with frequent veterinar y care . The veterinar-
i a ns in these areas are more li ke l y to be exclusiv.el y s mall 
animal practitioners compared with the mixed or lar ee animal 
prac t itioners in th e rural areas . ·Ph e l aq:e ani mal ma n must 
devote more ti me t o the valunbl c l~rce animals of h i s clients 
and ma y not be as familiar witj1 dirofilariasis as his urban 
associate is . Gr ea ter interest in th i s survey and increased 
awareness of th e probl em of dirofila riasis wer e demonstrated 
by the veterinarians of the no r e urban areas . 
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Although the survey data indicate no filariasis in 
northwest Iowa, the data from the Department of Veterinary 
Pathology, Iowa State University, and the Stange Memorial Clinic 
demonstrate its existence there. It may be assumed from these 
data that although present throughout the state, the rate of 
occurrence in northwest Iowa is low. 
The differences in infection rates between the males 
and females is not significant, and these percentages agre e 
with the findings of Gubler (1 966) , Thrasher and Clanton (1968) 
and Lindsey (1961). 
The differences in infection rates among the animals of 
the three coat classes was not statistically significant, 
agreeing with the reports of Thrasher and Clanton (1968 ) and 
Lindsey (1961). A problem with coat class analysis is that 
the decision on the length of the animal's coat is subjective, 
no actual hair length measurements being employed in the differ-
entiation. In these data several dogs of the same breed had 
been classified at different coat lengths. Perhaps a guide 
listing the coat lengths of various breeds would have eliminated 
the individual variation in this matter instead of leaving the 
decision up to the judgment of the cooperating veterinarian. 
Differences in infection rates among the breeds, 
although not statistically significant, indicate a trend. The 
higher rate among sporting dogs is probably related to their 
habits. Most hunting animals are kenneled outside (often with 
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several other dogs) and thus have an increased exposure to 
mosquitoes , as well as an optimal transmission cycle . These 
are also valuable animals , meri t ing gr eater veterinary care. 
The different infection levels among t he a ge groups , 
when divided into groups of 1-J years , 4-6 years , 7-9 years 
and 10 or more years , proved statistically s i gnificant at the 
0 . 025 confidence level. This agrees wi th the findings of 
Marquartlt and Fabian (1966) and Lindsey (1961). The average 
age of infected animals corresponds with the work of Hirth 
et al ., (1 966) a nd Thrasher and Clanton (1968) . This age factor 
is probabl y due to increased exposure to mosquitoes , time 
required for maturation of the worms and development of rni cro-
filaremia. The dP.crease in incidence in ctogs over seven may be 
due to t he development of age immunity a s suggested by Kume 
(1970 ) . The possibility that infected dogs do not live as long 
as non-infected dogs is worthy of consideration . 
rhe comparison of the two diagnostic techniques, the 
modifi ed Knott technique and the filter method , yielded no 
significant difference . However , the experience gained in 
using both techniques has l ed to several personal conclusions . 
The Knott technique , although requiring more time , is probabl y 
more efficient for large sampling trials becau se l ess blood is 
requi red , .the sampl e can be preserved immediately and all 
bl ood seems to work well with this procedure . The filter 
technique is possibly more accurate , for certainly more mi cro -
filariae are concentrated on th e filter and a greater volume 
'i4 
of blood is used, increasing the chance of detecting micro -
filariae in lower concentrations, but it has several drawbacks 
when working with a large number of samples. Not every blood 
sample works well with this technique (Wylie, 1970b ). There 
seem to be certain inherent properties in the blood of some 
dogs that renders it non-filterable. A hiGh white cell count is 
one such factor (',·/ylie , 1970b) . Old blood, even though blJEA-
treated, contains fibrin fibers and microclots that clog the 
filter. The filter method would appear to be most effective 
for fresh blood. 
The weakne sses of this survey are basically due to the 
distribut ion of the samples . Although when discussed merely 
as areas they seem fairly well divided , a clo ser look at the 
location of sampling sites reveals large areas that were poorly 
sampled . This was mostly due to the location of cooperating 
veterinarians and to the type and distribution of Iowa' s pop-
ulation. The western half of Iowa is mainly rural and sparsely 
populated compared with the suburban atmosphere and population 
centers of the eastern half of Iowa . 
I t should be pointed out that the data collected from 
the Department of Veterinary Pathology and the Stange Memorial 
Clinic yielded increased percentages because one is dealine with 
percentages of a selected population rather than percentaGe s 
of the general population . There is also the added bias in 
differences in numbers of male and female dogs seen at the 
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clinic. Femal es will return more frequentl y throughout t he 
year for pregnancies , spaying and related medical problems , 
thus increasi ng the opportunity for diagnosis of dirofilariasis . 
Therefore , the seemingly significant di ffere nc e in infection 
rates between the sexes at the Clinic may be a factor of the 
number o f male versus f emale vi s its . 
There is still much to be learned a bout the epidemiology 
of dir ofi l a r iasis if we are to effectively and efficiently 
control and prevent th e disease . The current prophylactic 
measures (continuous administration of larvicides to dog s 
throughout the mosquito season) are not only costly but time 
consuming . The eradication of the natural vector (yet to be 
definitel y i dentified) is ecologically unsound . Dirofi lariasis 
will probably co ntinue to increase in Iowa as people become 
more aware of its potential dang ers and consequences . Now that 
environmenta l awareness is limiti ne chemical control of 
mosquitoes , t here is a height ened possibi li ty for an even 
ereater incr ease in the infec t ion rate o f dirofilariasis as 
Well a s of o ther mosquito-borne diseases . 
APPENDIX 
Cooperating Veterinarians 
Dr. D.W. Allgood, Burlington 
Dr. R.H. Anthony, Cedar Rapids 
Dr. G.G. Baker, Ames 
Dr. B.O. Barnes, Ottumwa 
Dr. G.E. Barrington, Muscatine 
Dr. E.G. Cole, Sioux City 
Dr. R.J. Cowles, Burlington 
Dr. D.O. Faulkner, Des Moines 
Dr. J.D. Francis, Ottumwa 
Dr. D.c. Frey, ·Cedar Rapids 
Dr. R.W. Glotfelty, Cedar Rapids 
Dr. E.J. Goerdt, Dyersville 
Dr. J.S. Guldner, Waterloo 
Dr. R.F. Hagedorn, Mason City 
Dr. I.B. Hobbs, Council Bluffs 
Dr. R.T. Howard, Ankeny 
Dr. J.G. Irwin, Iowa City 
Dr. H. Jonas , Fort Dodge 
Dr. G.A. Jorgensen, Cedar Falls 
Dr. K.R. Knutstrom, Davenport 
Dr. C.H. Koll, Des Moines 
Dr. J.H. Krichel, Keokuk 
Dr. R.A. Leeper, Des Moines 
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Dr. o.c. Lock, Sioux City 
Dr . D.P. lV'iarek , Maquoketa 
Dr. c. w. Mosbach , Pella 
Dr. J . W. Patterson, West Des .Moi nes 
Dr . F .A. Peak , Knoxville 
Dr . R.E. Riordan , Des Moines 
Dr . J . K. Roach , Sioux City 
Dr . 'H .F. Showers , Des Moines 
Dr . G. M. Solberg , Clinton 
Dr . c . J .. Starch , Windsor Heights 
Dr . A .A. Stepan, Storm Lake 
Dr . F.E. Trafton , Ottumwa 
Dr. T. VI . Vogel , Waterloo 
Dr . R. R. Waller , Nashua 
Dr . R.E . Welander , Mount Pleasant 
Dr. J . B. White , Davenport 
Arneel , D. J . 1955 . 
in Kansas . 
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